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Introduction 

Electrokinetic measurements provide valuable information on the properties of 
coal aqueous suspensions that depend on the charge of the particles; examples 
include coal particles floatability, coal suspensions stability and rheology, coal 
fines filtrability, etc. Such measurements reveal the relationship of charge to the 
nature of coal and how the charge is effected by the liquid phase composition. It 
may also serve as an additional tool in the studies on coal surface composition. 

concentration and valency of ions in the solution contribute to the sign and value 
of the electrokinetic potential. In the case of very dilute suspensions containing 
a small number of individual particles in a large amount of solution, as in 
microelectrophoretic experiment, the contribution from the value of surface 
potential is more important. For the concentrated suspensions, however, as in the 
case of electrophoretic mass transfer experiment, the value of the zeta potential, 
depends to a large extent, on the concentration of ions in the liquid phase. 

conventional microelectrophoretic experiment conducted at extremely low solid 
concentration. 

suspensions [l] has led to a general relationship (Fig. 1) which shows 
schematically the microelectrophoretic mobility - pH curves for the coals of 
different rank. The shift of the curves for lower rank coals towards more acidic 
pH ranges resembles the shift caused by oxidation [2] .  

iso-electric points; thus coal particles have both negative and positive sites. 

groups along with inorganic impurities are present in the hydrocarbon matrix. These 
surface sites exhibit various electrochemical characteristics and they all 
contribute to the overall electrical surface charge of coal particles. The basic 
concept of this paper is that under the conditions of a microelectrophoretic 
experiment, in which small number of solid particles is suspended in a large volume 
of solution, there are three main effects contributing to the surface charge of 
coal particles: 

For any solid/liquid system both the composition of the solid and the 

The results discussed in this paper all pertain to the conditions of 

Recent analysis of the available data on electrokinetics of coallwater 

As seen from Fig. 1, the zeta potential - pH curves for coals clearly exhibit 

Coal particles are extremely heterogenous: various heteroatoms and functional 

(i) coal hydrocarbon matrix, 

(iii) coal inorganic impurities. 
(ii) coal heteroatoms and functional groups, 

In experiments at higher solid/solution ratio, a fourth effect, the effect of 
dissolved species, may play a more important role in determining surface charge. 

Uodel Systems 

Hydrocarbons. Fig. 2 shows Mehrishi and Seaman's 131 data obtained for anionic 
(RCOOH), nonionic (ROH) and cationic (RNHz) hydrocarbons. The electrophoretic 
mobility versus pH curves confirm the presence of carboxyl group for the acid with 
pK estimated to be about 4 . 3 ,  as the pH at which the microelectrophoretic mobility 
is one-half of the plateau value, similarly for n-octadecylamine pK is 8.8. The 
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electrophoretic mobility curve for the non-ionogenic but polar compound, 
octadecanol, reveals that this hydrocarbon is negatively charged over the whole pH 
range. Hollinshtead et al. found [&I, however, that the purified octadecanol showed 
lower electreophoretic mobility which may suggest the influence of trace 
contaminants. 

be negatively charged over the whole pH range [5.6]. This is consistent with Wen 
and Sun's results obtained for six hydrocarbons between hexane to octadecane 171 
(Fig. 3 ) .  
entire pH range [7,8]. It is of interest to observe that Perreira and Schulman [91  
found that pure paraffin wax was negatively charged above pH 5. The zeta potential 
values for paraffin wax reported by Arbiter et a1.[10] were negative in the pH 
range 3 to 10. 

show similar mobility-pH relationship: anthracene crystal? are negatively charged 
over the whole pH range. It seems then that the H 
role in charging a neutral hydrocarbon wall. 

N u j o l  oil droplets with adsorbed polysaccharide molecules, containing no 
acidic or basic groups, were found not to acquire any charge [51. 

Such results as recieved above suggest that while the effect of ionic groups 
can be satisfactorily predicted, the contribution of the hydrocarbon matrix to the 
overall particle charge needs to be reexamined. 
Graphite. Spumy and Dobias [ll] reported that pure Ceylon graphite was negatively 
charged in aqueous solution, with the zeta potential increasing continuously over 
the pH range 2 to 10. Similar results were obtained by Chander et a1 [121. 

experiments, an original finely ground graphite sample, as well as sample purified 
by leaching were utilized in microelectrophoretic experiments. The leached sample 
was prepared by conditioning 10 8 of finely ground graphite (below 38 um) in 
100 ml of 1 N HC1 solution at 45 C for 16 hours, followed by filtration, thorough 
washing with distilled water and drying at 5OoC. 62 ppm Fe, 12 ppm Al, 9 ppm Mg and 
17 ppm Ca were detected in the pregnant solution. ICP analysis of the original 
sample revealed the following major impurities: 0.14% Pe. 0.02% Ca, 0.01% Mg, 0.01% 
Ti, 0.01% Al. 0.01% Na. 0.01% K and 0.01% P. All other impurities present in the 
sample assayed less than 50 ppm. Examination of both samples under a scanning 
microscope (ETEC. Autoscan) gave no indication of alterations of the mineralogical 
structurte introduced by the leaching. Specific surface area measurements carried 
out with the us? of a Cjuantsorb (Cjuantachrome Gorp.) apparatus and nirtogen gave 
5.08 and 5.25 m /g for the original and leached -38 p graphite samples, 
respectively. 

As it can be seen from Fig. 4, both graphite samples exhibit negative zeta 
potential values over the whole pH range. The leached sample is more negative 
points to the role the cationic surface centers like Fe3', Ca2+ and Mg2' may play. 

Graphite particles which are handled in air are claimed to be partially 
oxidized [141 which probably explains the graphite particles behavior i n  the 
electrokinetic experiments. 

Carbon Black. Carbon black is a form of elemental carbon prepared by partial 
combustion of various carbon-containing substances (cone sugar, liquid or gaseous 
hydrocarbons, etc). They contain above 90% carbon. with oxygen and hydrogen being 
the other two major constituents [ 151. Carbon blacks can be graphitized by heating 
in the absence of oxygen. This process leads to the elimination of functional 
groups and growth of graphitic layers. High temperature treatment (up to 3000 OC) 
provides a solid structure closely resembling that of graphite 1161. 

The origin of charge on carbon black particles has attracted the attention of 
many researchers. Miller [17,181 studied adsorption from aqueous solutions on the 
charcoal prepared from purified cane sugar by prolonged heating at 1200 OC followed 
by activating heating for 24 to 48 hrs at the same temperature in the presence of a 
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Nujol (medical paraffin) droplets in water were shown by many researchers to 

Droplets of kerosene in water are also negatively charged over the 

Our measurements with aromatic hydrocarbon, anthracene (Aldrich, purity 98%'). 
+ and OH ions play predominant 

Fig. 4 shows our results obtained for Ceylon graphite [131. In our 
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limited supply of air. Such a charcoal was found in the adsorption studies to cause 
decomposition of neutral salts with the base set free and the equivalent amount of 
acid adsorbed onto charcoal. The process is referred to as hydrolytic adsorgtion. 
Frumkin and his co-workers [19,20.211 showed that carbons outgassed at 950 C did 
not adsorb mineral acid from a dilute solution and that adsorption could be 
restored in the presence of oxygen. They also found an exponential relationship 
between the oxygen pressure and the acid adsorption. In Frumkin's electrochemical 
th-ory the oxygen adsorbed on carbon surface is assumed to ionize to some extent 
with the formation of hydroxyl ions; the carbon surface acquires positive sign in 
this process and the solution becomes more alkaline: 

... CxO + H20 

In acfdic solution 

+ 2A- = ... Cx*,2A- + 20H- 

where . . .C 0,2A- stands for positively charged carbon surface with adsorbed anions. 

... CxO + 2H+ + 2A- = ... C *,2A- + H20 

The carbon then acquires positive charge in the presence of oxygen f22.23.241. 
but the same carbon exposed to oxygen for long periods, or at elevated 
temperatures, oxidizes and dissociation of the oxygen functional groups imposes a 
negative charge on the system in an aquoues environment f25.261. 

A characteristic reaction of this group is the formation of a carbonium ion 
according to the following reaction: 

Garten and Weiss [27] postulated that the carbons contain chromene structures. 

n: or Io] - 0, DR'"'; HzO, 

DR+ c'- 

/ HCI 

R H  
The benzopyriliy6carbonium) ion is a weak base having a dissociation constant of 
the order of 10 

+ H ~ O  -t DRoH + HCI 

Garten and Weiss 1271 pointed out that chromene structures on the surface of 
an H-carbon would function as a redox system. In the presence of oxygen and acid 
the carbon is oxidized so that it acquires the potential of the oxygen-hydrogen 
peroxide couple with which it is in equilibrium, and, hence, the adsorption of acid 
anions at the carbonium ion sites is a function of the oxygen partial pressure and 
the pH value of the solution. This chromene-carbonium ion couple may then be 
regarded as a chemical background for Frumkin' s electrochemical theory. 

. Ha0 6 HCI & 
c- 

e OH- CI- 

Voll and Boehm 1281 found evidence for a different cyclic ether structure, 
pyrone-like structure, characterized by basic properties 
According to them each basic site contains two oxygen atoms, but they may be 
located in two different rings of a graphitic layer. 

double layer is entirely on the water side of the interface and is then analogous 
to that at the waterlair interface. James in his review [29] showed a straight line 
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Arbiter et a1 [lo] came to to conclusion that for  hydrophobic solids, the 



which approximates the experimental curve f o r  Nujol as a t y p i c a l  mobil i ty  versus pH 
re la t ionship  f o r  a nonionogenic surface.  

Coal Blectmkinetics 

C o a l  is heterogenous a t  a number of leve ls  [301. A t  t h e  s implest  l eve l  it is a 
mixture of organic and inorganic  phases, but  because mineral matter or iginated from 
the  inorganic cons t i tuents  of t h e  precursor p lan t  organic  mater ia ls  (syngenetic 
mineral matter), and from t h e  inorganic components t ransported t o  t h e  coa l  bed 
(epigenet ic  and e p i c l a s t i c  mineral  matter [31] ) ,  i ts  tex tures  and l i b e r a t i o n  
c h a r a c t e r i s t i c s  d i f f e r .  Mineral matter may occur a s  depos i t s  i n  the  cracks and 
c l e a t s ,  but a l s o  i n  t h e  form of very f i n e l y  disseminated d i s c r e a t e  mineral  
par t ic les .  Coal a l s o  contains  inorganic matter i n  t h e  form of chemically-bonded 
elements (such a s  organic  s u l f u r  and ni t rogen) .  

The most important common coa l  minerals include 1321: c lay  minerals 
(kao 1 i n i  te  , i 11 i t e )  , si 1 i c a t e s  (quartz)  , carbonates ( dolomi te, s i d e r i t e )  , 
d i s u l f i d e s  ( p y r i t e ,  marcas i te ) ,  s u l f a t e s  (gypsum), and s u l f i d e s  (galena, 
pyr rhot i te ) .  
content, and quartz  u s u a l l y  accounts f o r  up t o  20% of a l l  mineral content .  

Physical separa t ion  of mineral matter from coal  depends mainly on its 
uniformity of d i s t r i b u t i o n .  Epigenetic minerals, which a r e  t y p i c a l l y  concentrated 
along c l e a t s  are p r e f e r e n t i a l l y  exposed during breaking of coa l  and thus a re  
physical ly  separable  from coal .  

Recent f indings ind ica te  t h a t  most of t h e  mineral  mat ter  included i n  coal t o  
the  micron p a r t i c l e  s i z e  range is a d i s t i n c t  separable  phase which can be l iberated 
by crushing and very f i n e  gr inding.  Separation of c o a l  p a r t i c l e s  from such a 
l ibera ted  gangue can lead t o  c lean  coal  concentrate  containing about 1% of  ash 
[331 .  Usually c leaned coa l  contains  6-82 ash. Cleaned coa l  has  then considerably 
reduced t h e  content of  silicates, carbonates. d i s u l f i d e s  and s u l f a t e s ,  bu t  s t i l l  
contains  var ious chemically bonded inorganic elements a s  wel l  as f i n e l y  
disseminated minerals  incorporated in  t h e  hydrocarbon matrix. 
papers on coal  e l e c t r o k i n e t i c s ,  Sun and Campbell [341 demonstrated t h a t  the zeta 
poten t ia l  versus  pH curves are very s e n s i t i v e  t o  inorganic  impuri t ies  content. 

The coal minerals  have very d i f f e r e n t  e l e c t r o k i n e t i c  charac te r i s t ics .  
Aluminosilicates develop negat ive  charge a t  basa l  planes as a r e s u l t  of isomorphic 
subs t i tu t ion ,  but t h e  edges are character ized by pH. = 9.1, a s  f o r  A1203. 

Guartz is negat ively charged p r a c t i c a l l y  over e n t i r e  pH range, while i .e .p .  of 
dolomite and c a l c i t e  is claimed t o  be s i t u a t e d  i n  t h e  s l i g h t l y  a l k a l i n e  pH range. 

Pig. 5 shows t h a t  f o r  some coals  demineral izat ion by leaching, which in  t h i s  
p a r t i c u l a r  case decreased ash  content from about 11% t o  below 12, can a l t e r  coal 
e lec t rokine t ic  p r o p e r t i e s  very s i g n i f i c a n t l y  [351. Apparently not  only t h e  content 
of ash  but  a l s o  its chemical composition must be important. It is therefore  very 
doubtful whether t h e  empir ica l  equation t h a t  i n t e r e l a t e s  t h e  ze ta  p o t e n t i a l  value 
with t h e  coal chemical composition, and among o ther  f a c t o r s  the  ash content, as  
recent ly  was proposed by Mori et  a 1  [361. can r e f l e c t  t r u e  e f f e c t  of the  inorganic 
matter on the coa l  z e t a  p o t e n t i a l .  

Fig. 6 revea ls  one of t y p i c a l  problems facing researchers  i n  t h e  a r e a  of f ine  
coal  beneficiat ion [37]. While upper curves were obtained with the  use of f resh 
f i n e  mater ia l  produced by crushing coarser  pieces  se lec ted  manually from the 
invest igated coa l  samples, t h e  bottom curve shows t h e  z e t a  poten t ia l  values  f o r  the  
Same three coal  samples which, however, were not produced by crushing coarser 
lumps, but  ra ther  by s iev ing  t h e  samples. I n  t h e  l a t t e r  case t h e  experimental 
po in ts  f o r  a l l  th ree  samples p r a c t i c a l l y  l a y  on t h e  same zeta p o t e n t i a l  pH curve. 
This curve is  not very d i f f e r e n t  from the  one obtained f o r  prec ip i ta ted  humic acid 
(pur i f ied  Aldrich sodium salt  of humic a c i d  was used). This i n t e r e s t i n g  result, 
although not discussed here. shows again how misleading r e s u l t s  can be produced i n  
t h i s  area.  

Aluminosi l icates  make up a s  much as 502 of the t o t a l  mineral  matter 

I n  one of the f i r s t  

1.e.p. 
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The charge at ballwater Interface 

Coalification and coal rank are synonymous with progressive enrichment of coal 
in organically bond carbon. 

Coal is a highly crosslinked polymer, which consists of a number of stable 
fragments connected by relatively weak crosslinks. The average number molecular 
weight per cross link increases with the rank of coal and that can be ascribed to 
the presence of larger molecules assembled together to form the macromolecules or 
to fewer cross links in higher rank coals. The aromatic carbon content, which is 
about 50% for subbituminous coals, increases to over 9OX for anthracite 1381. 

by coal functional groups and hetreroatoms. Therefore, the effect of oxidation on 
coal electrokinetic potential as reported by many researchers [39.40.41,421, is 
very consistent. The content of phenolic groups decreases gradually with increasing 
coal rank [43], while carboxylic groups are of little importance in coals with 
greater than 80X carbon content L44.451. The zeta potential versus pH curves for 
low rank coals can be approximated with two straight lines, while for fresh high 
rank coals the same relationship can be approximated with a single line (Fig. 1). 
The former indicates that the oxidized coal contains various acidic groups, while 
the latter behaves similarly to a nonionogenic solid as already discussed. It is 
likely that oxidized coal contains not only carboxylic groups with pK = 4.7 as for 
carboxylic acids, but probably also more acidic carboxyls, as for instance the 
carboxylic groups in position ortho to phenolic hydroxyl (for such carboxyls. as in 
salicylic acid, pK = 3.0). 

pyritic s u l f u r  and sulphatic sulfur. Sulfate sulfur is usually of only minor 
importance and occurs mainly as gypsum which is to a large extent removed in 
physical cleaning of coal. The same physical separation removes only coarse pyrite 
leaving with coal finely disseminated pyrite. 

concentrations, its oxidation products control the surface charge on coal 
particles. What is then the origin of the electrical charge at a coal/water 
interface? 

carboxylic and phenolic groups (Fig. 7 ) ,  and also by inorganic impurities such as 
silica. Much more complicated is the nature of the sites that generate positive 
charges. 

example A1203. Coal also contains nitrogen [47]: bituminous coals typically 
1.5-1.752 and anthracites less than 1%. It is believed that most of the nitrogen in 
coal is present in ring compunds. predominantly pyridine and quinoline derivatives. 
These groups, as well as Voll and Boehm's pyrone-like cyclic structures. can also 
contribute to the creation of a positive surface charge. 

may also be very important in creating positive charge. 
recall here some electrochemical tests carried out with anthracite in the 60's 
[48,49]. They included two series of measurements carried out with a freshly 
prepared anthracite electrode, and with the same electrode exposed to air for a few 
days under room conditions. 

aqueous solution versus saturated calomel electrode (Fig. 81, was increasing with 
time (during the first 30-60 minutes), but decreased abruptly on addition of an 
electrolyte. This decrease depended on the anion and suggested that the electrode 
was positively charged. 

with time during the first 60-120 minutes, but sharply increased on addition of an 
electrolyte and this time the increase depended on the valency of the cation 

Electrochemical properties of the coallaqueous interface are mainly determined 

Another important heteroatom, sulfur, appears in three forms: organic sulfur, 

Some researchers found [461 that when pyrite is present in the coal in high 

There is no doubt that negative sites on coal surface are provided by 

The positive sites can be generated by inorganic impurities, such as for 

The role of oxygen as discussed by Frumkin [19-241, and Garten and Weiss [271. 
It is interesting to 

As seen the potential of a'freshly prepared unoxidized electrode, measured in 

For the oxidized anthracite electrode the potential was steadily decreasing 
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(A13+>Ca2+>K+). 
positively charged in water, the same electrode exposed to  air for several days 
acquired negative charge obviously due to its oxidation. 
that the same phenomena that occur on carbon black, may also be involved in the 
creation of electrical potential on surface of coal. 
surface would then be generated by electrochemical mechanism which may operate only 
in the presence of oxygen and only if surface is freshly prepared. 
however, unclear whether such an electrochemical mechanism may only be involved in 
setting up the charge on anthracite surface, or also on lower rank coals. 

References 

1. J.S. Laskowski and G.D. Parfitt. Electrokinetics of Coal Water Suspensions, In 
Interfacial Phenomena in Coal Technolou (G.D. Botsaris and Y. Glazman. eds.), 
Marcel Dekker, i n  press. 

Technolo , Rio de Janeiro, December 1982, Vol. 1, p. 59. 

It seems then that while the fresh anthractie surface was 

These experiments suggest 

Such positive sites on coal 

It is still, 

2. J.S. Laskowski, Proc. 1st Meeting of the Southern Hemisphere on Mineral 

3 .  J.N. Nehzshi and G.V.F. Seaman, Trans. Faraday SOC., 64, 3152 (1968). 
4. S. Hollinshed, G.A. Johnson and B.A. Pethica, Trans. Faraday SOC.. 61. 577 
5. 
6. J.M.W. Mackenzie, Trans. AIME, 244. 393 (1969). 
7. W.W. Wen and S.C. Sun. Separation Sci., 16. 1491 (1981). 
8. J.S. Laskowski and J.D. Miller, in Reagents in the Minerals Industry 

(M.J. Jones and R. Oblatt, eds.), Inst. Min. Met., London, 1984, pp. 145-154. 
9. H.C. Parreira and J.H. Schulman, in Solid Surfaces (R.F. Gould, ed.), Advances 

in Chemistry Series, No. 33, her. Chem. SOC., Washington, D.C.. 1961, p. 160. 
10. N. Arbiter. Y. Fujii, B. Hansen and A. Raja, in Advances in Interfacial 

Phenomena of ParticulatelSolutionIGas Systems: Applications to Flotation 
Research, (P. Somasundaran and R.B. Grieves, eds.), AIChE Symposium Series 150, 
Vol. 71, 1975, p. 176. 

(1965). 
H.W. Douglas and D.J. Shaw. Trans. Faraday SOC., 53, 512 (1957). 

11. J. Spurny and B. Dobias, Coll. Czechoslov. Chem. Corn., 2, 931 (1962). 
12. S .  Chander. J.M. Wie and D.W. Puerstenau, in Advances in Interfacial Phenomena 

of ParticulateISolutionlGas Systems: 
(P. Samasundaran and R.B. Grieves, eds.), AIChE Symposium Series 150, Val. 71, 
1975. D. 183. 

ApDlication to Flotation Research, 

- -  ~ 

13. J.A. Solari, A.C. De Araujo and J.S. Laskowski, Coal Preparation, 2. 15 (1986). 
14. A.J. Groszek, Far Disc. Chem. SOC., 59, 109 (1975). 
15. A.I. Medalia and D. Rivin, in "Characterization of Powder Surfaces" (G.D. 

16. M.H. Polley. W.D. Schaeffer and W.R. Smith, J. Phys. Chem, 57, 469 (1953). 
17. E. Miller, J. Am. Chem. SOC., 3, 1150 (1924). 
18. E. Miller, J. Am. Chem. SOC., 47. 1270 (1925). 
19. A. Bruns and A. Frumkin. 2. Phys. Chem., 141. 141 (1929). 
20. R. Burstein and A. Frumkin, Z. Phys. Chem.. 141, 158 (1929). 
21. R. Butstein, A. Prumkin and D. Lawrowskaya. 2. Phys. Chem., 150, 421 (1930). 
22. N. Bath and A. Frumkin, Kol. 2.. 46, 89 (1928). 
23. N. Bach. Kol. Z., 64, 153 (1933).- 
24. A. Pilojan. N. Krizrutschko and N. Bach, Kol. 2.. 287 (1933). 
25. H . R .  Kruyt and G.S. de Kadt. Kol. Z., 47, 44 (1928). 
26. E.J.W. Verwey and J.H. de Boer, Rec. TGv. Chem., 55, 675 (1936). 
27. V.A. Graten and D.E. Weiss, Austr. J. Chem., 10, 309 (1957). 
28. M. Voll and H.P. Boehm. Carbon, 2, 481 (1971)- 
29. A.M. James, in Surface and Colloid Science (E. Matijevic, ed.). Plenum Press, 

30. A.C. Cook, Separation Science, 16, 1981, 1545. 
31. M.T. Mackovsky. in Coal and Coal Bearing Strata (D. Murchison and T.S. Westoll, 

Parfitt and K.S. Sing, eds.), Academic Press, 1976. pp. 279-351. 

New York, 1981, Vol. 11, p. 121. 

ads.), Elsevier. New York, 1968, p. 309. 

372 



I 32. J.J. Renton, in Coal Structure (R.A. Meyers, ed.), Academic Press, New York. 

33. D.V. Keller, The Separation of Mineral Matter form Pittsburgh Coal by Wet 
1982. p. 283. 

Milling, ACS Symuosium on Chemistrv of Mineral Matter and Ash in Coal, Am. 
Chem. SOC. Vol. 29, No. 4, pp. 326-336. 

34. S.C. Sun and J.A.L. Campbell, in Coal Science (P. Given, ed.), Advances in 
Chemistry Series, No. 55. her. Chem. Soc., Washington, D.C., 1966, p. 363. 

35. J.M. Rosenbaum, D.W. Fuerstenau and J. Laskowski. Colloids and Surfaces, a, 153 
(1983). 

36. S. Mori, T. Hara, K. Aso, and H. Okamoto, Powder Technoloav, 40, 161 (1984). 
37. Qi Liu and J.S. Laskowski, Coal Flotation Promoters and their Mechanism of 

Action, 191st ACS Meeting, New York, April, 1986. Paper No. 325. 
38. D.D. Whitehurst, T.O. Mitchell and M. Farcasiu, Coal Liquefaction, Academic 

Press, New York. 1980. 
39. W.W. Wen and S.C. Sun. Trans. AIME, 262. 174 (1977). 
40. S. Sobieraj and B. Majka-Myrcha, Physicochemical Problems of Mineral 

41. B. Yarar and J. Leja, Proc. 9th Int. Coal Preparation Congress, New Delhi. 

42. K.C. Teo, S. Finora and J. Leja, Fuel, 6 l ,  71 (1982). 
43. 2.  Abdel-Baset, P.H. Given and R.F. Yarzab, Fuel, 2, 95 (1978). 
44. A. Ihnatowicz. Bull. Central Research Mining Institute, No. 125, Katowice. 

45. L. Blom. L. Edelhausen and D.W. van Krevelen, w, 36, 135 (1957). 
46. W.W. Wen, Electrokinetic Behavior and Flotation of Oxidized Coal; Ph.D. Thesis, 

47. A. Attar and G.G. Hendrickson. in Coal Structure (R.A. Meyers, ed), Academic 

48. J.S. Laskowski and V.I. Klassen, Dokl. Akad. Nauk SSSR, 145. 857 (1962). 
49. V.I. Klassen and J.S. Laskowski. Koll Zh., 25, 549 (1963). 

Processing. Wroclaw, 1980, No. 12. p. 165. In Polish. 

1982, paper C5. 

1952. In Polish. 

Pennstate University, (1977). 

Press, New York. 1982. p. 132. 

373 



Anthraci tes  

- PH 

\ Subbi tuminous 

Fig. 1. Schematic microcletrophoretic mobility versus 
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Fig. 2. Electrophoretic mobility 
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Fig. 3. Zeta potential of 
Nujo l  droplets [61,  six 
aliphatic hydrocarbons [ 7 1  
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Fig. 5. Zeta potential vs. pH curves for raw 
and demineralized Somerset mine coal [ 3 5 1 .  
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Fig. 6. Zeta potential vs. 
pH curves for unoxidized 
metallurgical coal (ESMC), 
and Fording metallurgical 
coal: slightly oxidized 
(Oxide 4) and severly 
oxidized (Oxide 13) 1371. 
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Fig. 7. Iso-electric points and carboxylic group content 
of coal samples collected from Seam No. 7 of the Fording 
River Deposit, B.C., at various distances from the surface 
(adapted after [ 4 1 , 4 2 1 .  

TIME, minutes 

Fig. 8. Potential of fresh and oxidized anthracite 
electrodes measured versus saturated calomel electrode 
L48.491.  
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